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[57] ABSTRACT 

A wireless system architecture whereby high efiHciency 
broadband transceiver systems can be deployed at an initial 
build out stage of the system in a cost-efficient manner. A 
home base station location is identified within each cluster 
of cells and rather than deploy a complete suite of base 
station equipment at each of the cells in the cluster, inex- 
pensive translator units are located in the outlying cells 
serviced by the home base station in which low traffic 
density is expected. The translators are connected to direc- 
tional antennas arranged to point back to the home base 
station site. The translators are deployed in such a way 
which meshes with the eventually intended frequency reuse 
for the entire cluster of cells. The translator to base station 
radio links operate in-band that is, within the frequencies 
assigned to the service provider. The available frequency 
bands are divided into at least two sub-bands, with fre- 
quency translations ocurring entirely within a given sub- 
band. 
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WIRELESS SYSTEM PIAN USING IN BAND- Some have proposed various techniques for extending the 

TRANSLATORS WITH DIVERSITY service area of a given cell. For example, U.S. Pat. No. 

BACKHAUL TO ENABLE EFFICIENT 4,727,390 issued to Kawano et al. and assigned to Mitsub- 

DEPOLYMENT OF HIGH CAPACITY BASE ishi Denki Kabushiki Kaisha discloses a mobile telephone 
TRANSCEIVER SYSTEMS 5 system in which a number of repeater stations are installed 

at the boundary points of hexagonally shaped cells. The 

HELD OF THE INVENTION repeaters define a small minor array which is superimposed 

. . . ^ 11 * • 1 • onamaior array of conventional base stations installed at the 

This mvention relates generally to wu^eless commumca- ^ r n ^it-^l ^i.- ^ • i 

■j . 1 * * *u * center of the cells. With this arrangement, any signals 

tion systems and in particular to a system architecture that - , • n • • ... . 

, u J * 14 ^1-1* • u 1 11 10 received m so-called mmor service areas by the repeaters are 

makes use of in band-translators deployed in peripheral cells ..... ... 

of a cell cluster. relayed to the nearest base station. 

Another technique was disclosed in U.S. Pat. No. 5,152, 

BACKGROUND OF THE INVENTION 002 issued to Leslie et al., and assigned to Orion Industries, 

^ . IP . ^ ... . 1 Inc., wherein the coverage of a cell is extended by including 

The demand for wireless commuDication services such as „ . , „„^a « 

11 1 xrf u-1 T 1 u /r^vTTA n- •* 1 11 1 kt * * number of so-called boosters arranged m a serial cham. 

Cellular Mobile Telephone (CMIj^ Digital Cellular Net- « u-i^ „r «f 

1 ^^^r^ ^ 1 ^ • ^ . 1 As a mobile station moves along an elongated area of 

work (DCN), Personal Comniiimcation Services (PCS) and ^^^g it is automatically picked up by an approaching 

the like typically requires the operators of such systems to ^^^j^^ ^ ^ booster. These boosters, 

serve an ever locreasing number of useis in a given service „^ translators, use highly directive antemias to communicate 
area. As a result a lype of base station equipmen known as ^ ^th one another and thus ultimately via the serial chain with 
a multichannel broadband transceiver system (BTS) has controlling central site. The boosters may either be used 

been developed which is mtended to service a relatively . ^« .„t,r«. ^: a *tu^ ^ 

, r • 1-1 • . . 11 « . m a mode where the boosted signal IS transmitted at the same 

large number of active mobile stations in each ceU. Such a ^ it is received or in a mode where the incoming 

broadband transceiver system can typically service, for ^j^^^ ^ retransmitted at a different translated frequency, 
example, ninety-six Simultaneously active mobile stations m ^ , , ^ . . . , . . 

asinglefour-foottallrackofelectronicequipment.Thisbasc ^.'^''^^f °^ these techniques have their diffi- 

station equipment typically costs less than $2000 to $4000 ^ith the first method, which uses an array of 

per channel to deploy, and so the cost per chamiel serviced ^P^"*^? co-located with the prmiary ceU sites, the imple- 

]s relationallv low mentation of diversity receivers becomes a problem. 

t J o , Specifically, certain types of cellular communication 

When coupled with efficient frequency reuse schemes, 30 . *• 1 1 tu *t. * ^- •* 1 c 

, \ Ml. J. Tr>, . systems, particularly those that use digital forms of 

such as that descnbed m a co-pending U.S. patent appuca- j 1 ** ^-ui ♦ u- *u c a- j *u 

c VT non-^i Acc ,;/a u a *u a t7 r^S • ' modulation, are susceptible to multi-path fading and other 
tion Ser. No. 08/331,455 entitled A Method For Obtaimne . T* • • • u : * ^ 1 1 

^. ^ . ^ • ^ . « distortion. It is imperative m such systems to deploy spatial 

Times One Frequency Reuse in CommumcatioD Systems , ^ . u n • j * • • • 

T. T?T^ ^.^.^-.^r... J . J. diversity antennas at each cell site m order to mmimize 

filed by John R. Doner on Oct. 31, 1994 and assigned to i** .1. j* * *• tt r * * 1 ^i. 

A - VT • Y . oooxguvu multipath distortion. Unfortunately, the repeater array 

AirNet Communications Corporation, who IS the assignee of 35 u 1 .1 , c a- •* * 

, . rr- - . 7 , scheme makes implementation of diversity antennas 

the present apphcaUon, maximum efficiency m densely ^^tremely difficult, since each repeater simply forwards its 
populated urban environments is obtamed. According to that • j • 1 ♦ *t. u * t-*- * f 

^ ^ , . 1*. . . . J- 1 . received signal to the base station. Diversity mformatioa as 

arrangement the cells are each split mto six radial sectors .ju^u 1. • 1 -j.^u 

J J* . • J . . • L represented by the phase of the signal received at the 

and trequenaes are assigned to the sectors in such a manner ,1 * • • *i: 1 * 

• . . 1 -1 1 i • repeater location IS thus lost, 

as to provide the abiuty to reuse each available rrequency m 40 1 • . . 

every third celL Although this frequency reuse scheme is ^ ^he second schem^c works fine m a situation where the 
highly efficient, it requires at least two complete sets of mtended to be laid m a straight Ime such as 

multichannel transceiver equipment such as in the form of a » highway, a tunnel, a narrow depression m the terram 

broadband transceiver system (BTS) to be located in each ^''^'^ * "^"^ °' ^^J*?"" " However, there is no 

j^jj teachmg of how to efficiently deploy the boosters in a 

. . . ^ ... -J 1. • . two-dimensional grid, or to share the available translated 

An maportant pracUcal consideration however « that ^^es as must be doae if the advantages of cell site 

when a Wireless system first comes on une, demand for use . . u - j *u l . 

, c.i. 11 • 1 1 1 T. • c . -11 extension are to be obtained throughout an entire service 
m most of the cells is relatively low. It is therefore typically • . , t,- j i_ 1 rr 

•ui * • *u * f J 1 • 1 1 region, such as a large city. Inis second scheme also suffers 

not possible to justify the cost of deploymg complex mul- r c * ■ *u • 1 r 

*• t- 1 L j1 J * • * • . t- J from the same problem as the first m that there is a loss of 

tichannel broadband transceiver system equipment based 50 u • c . u ^1 

. * „• 1 i_ r L -1. T> 1 diversity information at the booster locations, 

only upon the imtial number of subscnbers. Because only a ' 

few cells at high expected traffic demand locations (such as DESCRIPTION OF THE INVENTION 

in a downtown urban location or a freeway intersection) will Invention 
justify the expense of building out a network of high 

capacity broadband transceiver systems the service provider 55 It is an object of this invention to provide a wireless 

is faced with a dilemma. He can buildout the system with system architecture whereby high efficiency broadband 

less expensive narrowband equipment initially to provide transceiver systems can be deployed at an initial build-out 

some level of coverage, and then upgrade to the more ^^age of the system in a cost-efficient manner, 
efficient equipment as the number of subscribers rapidly A second objects to provide a wireless system in which 
increases in the service area. However, the initial investment 60 hardware deployment costs are strictly driven by user 

in narrowband equipment is then lost. Alternatively, a larger demand throughout the stages of system deployment, 
up front investment can be made to deploy the high capacity A further object is to provide such a system in which 

equipment at the beginning, so that once demand increases spatial diversity information is not compromised and can be 

the users of the system can be accommodated Avithout fully processed at a point in the system where radio signals 
receiving busy signals and the like. But this has the disad- 65 received from the mobile stations are demodulated, 
vantage of carrying the money cost of a larger up front Another object is to provide such a system in which the 

investment. initial build-out footprint of cells may be the same as in a 
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completely built out system, to avoid the need for reconfig- having channels spaced four apart within the 5 MHz sub 

uriag cells and associated antemia sites. band from which it is drawn. Ibis results in a total of twelve 

frequency subsets of six channels each that are then allo- 

SUMMARY OF THE INVENTION ^^^^ ^^^^ ^ ^ t^^l^e cell reuse pattern. 

Briefly, the invention is an architecture for a wireless 5 x^e frequencies to be used in conjunction with each of the 

communication system in which the cells are grouped into translators are then chosen to create minimal impact as 

clusters and the available frequency spectrum is divided into individual cells are migrated upward from one or two 

frequency reiise groups. A home ceU location is identified carriers made available when translators are deployed to the 

within each cluster and a base station located at or near the twelve cell density of six RF carriers per cell in which lull 

home cell site serves the multiple cells in the reuse cluster, lO base transceiver systems are deployed in this cell. When one 

Rather than deploy a complete suite of base station or more of the cells in a twelve cell pattern requires a 

equipment at each of the cells in the cluster, translator units demand level needing two or more carriers an equipment 

arc located in the outlying cells serviced by the home base reconfiguration is made where a base transceiver system is 

station. The translators arc connected to directional antermas deployed in the cell, 
anranged to point back to the home base station site. 

Frequency assignments are made to the translators in a 

way which meshes with the eventually intended frequency For a more complete understanding of the invention and 

reuse for the entire cluster of cells. More particularly, the its novel advantages and features, reference should be made 

translator to base station radio links operate in-band, that is to die accompanying drawings in which: 

within the frequencies assigned to the service provider Each ^ piG. 1 is a block diagram of the components of a wireless 

of the available frequency bands is then further divided into communication system that makes use of in-band 

at least two sub-bands. translators, home base stations, conventional base stations. 

The sub-band frequency assignments are made as follows. and mobile stations according to the invention; 

The mobile stations communicate with the translator base ^ piG. 2 is a diagram of certain system components and an 

stations in a conventional fashion, that is the downhnk overview of the frequency assignment plan which is imple- 

channel frequencies (from the base station to the mobile mented according to the invention showing the radio chan- 

station) are selected from a lower sub-band of frequencies nels typically assigned to the home base station, translator 

and the uplink channel frequencies (from the mobile station ^nd mobile stations* 

to the base station) are selected from the upper band of c-,^ - . ' -ii * *• u j jj 

frequencies. However, frequency assignments are made in a . ^ diagram lUustrating bow even Mid odd 

particular fashion lo pe^il <impaTibility wilh eventual ^^^^^y ^''^'^ '^''^^^'^ " ^'^""^ ''"^ 

frequency reuse configurations when the system is com- ™' 

pletely built-out. In particular, the uplink signal received ^ diagram showing an aUocation of an even 

from a mobile station is translated to other frequencies in the „ numbered subset of frequencies according to the invention 

saine subgroup of frequencies ^'^^^ mobile and back haul links in a manner that supports 

The translator base station typicaUy makes use of direc- '^'^^^ ^^^"^"''y ^^'^^ ^y*'*"" ""^'^ 

tional receiving equipment and diversity antennas. The .... 

frequency assignment scheme thus also accommodates the ^ siinilar diagram showing how an odd subset of 

carrying of diversity information back to the home base 40 frequencies is similarly assigned; 

transceiver system. For example two backhaul uplink chan- FIGS. 6A and 6B illustrate how a Broadband Transceiver 

nels are continuously assigned to permit tr ansmission of System (BTS) may be deployed to serve twelve cells in 

di versity sisals back tolhe home base. T his permits coher- either the odd or even frequency subset and in a manner such 

enTdiversity determmation to take place after digital tliat one BTS serves six cells using the even frequencies and 

demodulation in the home base station. The two backhaul 45 a second BTS serves six ceUs using the odd frequency set; 

frequencies and the input translator frequency are chosen to and 

be within the same frequency subgroup and are also chosen FIG. 7 is a detailed block diagram of one of the translators 

to match the eventual frequency reuse plan that is desired. used in a PCS- 1900 system. 

EfiEcient high density frequency reuse is planned for at the „ „ 
initial system buUd-out stages by selecting backhaul and so DETAILED DESCRIPTION OF A PREFERRED 
mobile frequencies in a particular fashion. For example, an EMBODIMENT 
initial "N=12" reuse pattern may be used which permits the FIG. 1 is a block diagram of the components of a wireless 
deployment of twelve (12) cells around the home cell site in communication system such as a Personal Communication 
all approximately equidistant fashion. The N=12 pattern is System (PCS) or similar cellular system 10 in which trans- 
then repeated throughout the service area by inverting the ss lator base stations are initially deployed in peripheral cells of 
orientation of the alternating columns of cell groups. a cell cluster to concentrate radio signal traffic to and from 

The set of mobile station and backhaul frequencies col- a mobile station and a central cell serviced by a home base 

lectively may be combined to provide a subset of frequen- station. The present invention concerns a technique for 

cies which will be eventually assigned in single cell and making in-band radio frequency charmel assignments to the 

multiple cell patterns as the system is fiiUy brought on hne. 60 translator base stations, home base stations, and mobile 

For example, the twelve cell frequency reuse plan may be stations in a particular fashion that efficiently accommodates 

implemented by dividing the 5 MHz Personal Communica- deployment of high capacity Broadband Transceiver Sys- 

tion System (PCS) radio spectrum into three sub-bands of tems even in situations of relatively low expected subscriber 

contiguous 5 MHz segments. A given 5 MHz segment demand, 

supports 25 radio frequency channels in the PCS-1900 65 The system 10 includes translator omni-directional anten- 

protocol which may be further sub-divided into four subsets nas 11-1 -a, 11-1-6, 11-2-fl, 11-2-fc, . . . , U-n-l-a, ll-n-1-6, 

of six channels each. Each of the four subsets are selected 11-n-a, ll-n-6, (collectively the omni-directional anteimas 
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11), translator base stations (translators) 12-1, 12-2, . . . , 
12-n, translator directional antennas 13-1, 13-2, . . . , 13-n, 
home base station antennas 14-1, . . . , 14-ni, home base 
stations 15-1, . . . , IS-m, one or more conventional base 
stations 16-1, a mobile telephone exchange 17, one or more 
base station controllers 18, and mobile stations 19-1, 19-2. 
The system 10 provides voice and or data communication 
between the mobile stations 19 and the Public Switch 
Telephone Network (PSTN) by sending signals over radio 
channels. In the particular embodiment of the invention 
being described, the radio signaling protocol or "air inter- 
face" may, for example, be the PCS -1900 standard promul- 
gated by the Telecommunications Industry Association 
(TIA) in the United States [which is identical in relevant 
aspects to the Global System for Mobile Communication 
(GSM) standard promulgated in Europe and elsewhere by 
the European Telecommunication Standards Institute 
(ETSI)]. 

The translators 12-1, 12-2, . . . , 12-i are typically each 
located in what would normally he considered approxi- 
mately the center of a cell site. The translators 12 receive 
radio signals from the mobile stations 19 and forward them 
to their associated home base station 15-1. Likewise radio 
signals originating at the home base station 15-1 are for- 
warded by the translators 12 to the mobile stations 19. 

The translators 12 are not "base stations" in the sense that 
they do not perform demodulation and modulation functions 
or PSTN connection functions within each cell as would a 
conventional base station. Rather, each serves to frequency- 
translate signals received from the mobile stations 19 
located in its respective cell, and then to direct such signals 
on to one or more different carrier frequencies to the home 
base station 15-1. The translators 12 also perform the inverse 
functions to translate signals received from the home base 
station to direct them to the mobile stations 19. The specific 
manner of translation will be discussed below in connection 
with FIGS. 2 through 7. 

The home base stations 15-1, . . . , 15-mn and conven- 
tional base station 16-1 are responsible for demodulating 
radio signals and connecting them to the Public Switched 
Telephone Network (PSTN) through the mobile exchange 
17. The home base stations 15-1, . . . , 15-m and conven- 
tional base station 16-1 also modulate signals received from 
the PSTN through the mobile exchange 17 to formal them 
for transmission over the air to the mobile stations 19 
through the translators 12. 

The conventional base station 16-1, which may or may 
not be present, operates as in the prior art to directly service 
the mobile tmits 19 located in or traveling through its 
associated cell. 

The base station controller 18, of which there may be 
more than one, has a number of functions. The primary 
function is to manage the logical connections made between 
mobile stations 19 and the PSTN. In order to do so, the base 
station controller 18 assigns transmit and receive radio 
carrier frequencies to each individual mobile station 19, 
translator 12, home base station 15, and conventional base 
station 16. Typically, there may be five to twenty base 
stations 15 and/or 16 serviced by a single base station 
controller 18. 

Hie present invention is in the specific manner in which 
the base station controller 18 assign radio carrier frequencies 
for use by the mobile stations 19, translators 12, and home 
base stations 15. In the uplink direction, that is for signals 
transmitted from mobile station 19 towards the home base 
station 15-1, a signal originating at a mobile station 19 is first 
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received at the pair omni-directional antennas 11-2-a, 11-2-6 
located at an exemplary translator 12-2. The translator 12-2 
then converts the radio carrier frequencies of the two signals 
received from the mobile station 19 to different carrier 

5 frequencies. The canier frequency conversion is within a 
predetermined sub-band. That is, as will be described shortly 
in connection with FIG. 2, the translation is wholly within a 
particular portion of frequency bandwidth allocated to the 
service provider for wireless service. Hie translated signals 

10 are then sent out on the directional antenna 13-2 (such as a 
Yagi or dish antenna) whidi provides a highly directional 
link back to die associated home base station 15-1. The 
translated signals are then received by the antenna 14-1 
associated with the home base station 15-1 and processed in 

15 the conventional manner. 

Processing in the downlink direction from the home base 
station 15-1 towards the mobile station 19 is analogous. In 
particular, the signal from the PSTN is modulated by the 
home base station 15-1 and then transmitted out on the 

20 antenna 14-1. The translator base station 12-2 then receives 
the downlink signal, via the directional antenna 13-2, which 
is then translated to a frequency normally assigned for the 
use ryy the mobile station 19. Th is translated signal is then 
'output on one of the translator omni-directional antennas 

25 11-2-a and then ultimately received by the mobile station 19. 
FIG. 2 is a high level illustration of how in-band fre- 
quency assignments made to the home base station 15, the 
translator base station 12, and the mobile station 19 as 
required to practice this invention. The vertical axis in the 
diagram represents frequency. The four columns of boxes 
along the horizontal axis respectively represent frequency 
allocations for the home base station 15 the translators 12 
and the mobile stations 19. The radio channels assigned to 
support communication between the home base station 15 
and translator 12 are referred to herein as the backhaul link, 
and the radio channels used to communicate between the 
mobile station 19 and the translators 12 are referred to as the 
mobile links. 

^ The left side of the diagram illustrates the frequency 
allocations typically made available to a wireless service 
provider, including an uplink band 21 of frequencies and a 
downlink band 21 of frequencies. For a PCS provider in the 
United States, 15 MHz of spectrum is allocated for each of 
the bands 20 and 21, with the lower 15 MHz band being a 
contiguous block of spectrum in a range from 1850 to 1910 
MHz, and typically used for the uplink band 21, and the 
upper 15 MHz band, located 80 MHz away in the 1930 to 
1990 MHz range, being typically used for the downlink band 
20. Abase station 12, 15, or 16 is thus assigned to transmit 
on the downlink band 21 and to receive on the uplink band 
20. 

Each of the downUnk 20 and upUnk 21 bands are divided 
into a number of sub-bands. In the illustrated embodiment 

55 for PCS there are three downlink sub -bands, 20-1, 20-2, 
20-3 each representing 5 MHz. Similarly, the uplink band 21 
is divided into three sub-bands 21-1, 21-2, and 21-3, each 
also containing 5 MHz of spectrum. 
Frequency translations occur wholly within a particular 

60 subband. In particular, in the uplink direction, a mobile 
station 19 is assigned a particular transmit (Tx) channel 
within the range of a particular sub -band 2 1-1. The mobile 
station 19 then transmits this signal 26 over the mobile link 
to a translator 12-i serving the cell in which the mobile 

65 station 19 is located. The translator 12-i receives this signal 
26 on each one of its two omni-directional antennas 11-i-a, 
ll-i-6, and then frequency shifts the carrier frequency of 
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each of the two received signals to provide two different Returning to the present invention, in order to satisfy the 

signals 27a, 276 having carrier frequencies within the same ability to eventually build out the system in the Nol2 

sub band 21-1. As a result, two translated signals 28a, 286 configuration illustrated in FIG. 3, channel assignments are 

are then transmitted over the backhaul link to the home base made to the mobile links and backhaul links as shown in 

station 15. The home base station 15 then treats these as two 5 P^G. 4. Note that FIG. 4 contains only an illustration of the 

different receive (Rx) channels, arrangement of the even-numbered channels as only every 

In the downlink direction (from the home base station 15 ' ^^^^^ ^^yi^l^y ^eeds to be available in any given 

to the mobile station 19), a transmit (Tx) channel is first fl^^ annotation of channel etters AO 

, , . . r u L J I f * A2, . . . , C22 are actually meant to indicate a duplex pair of 

selected >^athin one of the su^^ ^^^^^ J'^ 

signal 24 to the translator 12. T^is signal 24 is then trans- lo ^ ^^^^ '^^^^^ 

nutted over the backhaul link and received by the translator downlink ofeet by 90 MHz 

12 which then shifts the carrier frequency to a signal 25 ^ ^ table in the lower left-hand corner of FIG. 

having another frequency withm the same Sub band 20-1. 4 set of mobile and backhaul frequencies is the set (AO, 

This translated signal 29 is then transmitted over the mobile A8, A16), with frequency AO assigned for use by the mobile 

link to the mobile station 19. 15 link and the frequencies A8 and A16 assigned for use by the 

As a result, the mobile stations 19 and conventional base backhaul link. Thus the notation (AO, A8, A16) is intended 

stations 16-1 thus always continue to transmit and receive in to indicate, as shown in the schematic drawing in the lower 

downlink and nplink frequency bands as they would in a right-hand side of FIG. 4 that the mobile station 19 transmits 

conventional wireless system in the sense that they transmit on an uplink channel AO(u). The translator 12 in turn 

with a band of frequencies which is normally reserved for 20 changes the carrier frequency of the two signab received at 

transmitting in a conventional base station 16-1, and receive ^^^^ ^f its receive antennas on channels AO(u) to channels 

signals in a band which is normally reserved for receiving A8(u) and channel A16(u), respectively for forwarding to 

signals. broadband transceiver system at the home base station 

FIG. 3 is a more detailed diagram illustrating a preferred downlink direction the home base station 15 

assignment of frequencies among the downUnk sub-bands ^ initiates communication using channel A8(d) where it is 

20-1, 20-2, 20-3. (It should be understood that a similar received by the translator 12 which in turn forwards it to the 

assignment of frequencies is also made in the uplink band 21 mobile station 19 over a channel A0(d). The parenthesized 

for the sub-bands 21-1. 21-2, and 21-3.) As explained notations (u) and (d) thus represent uplink and downlink 

previously the available spectrum is first divided into three frequencies respectively. 

contiguous 5 MHz sub-bands. In the case of a PCS-1900) air ^ ^^^^ ^^^^^ i° comer 

interface, a given 5 MHz sub-band supports a maximum of ^ ^^^^^ ^^^^^ total possible sets of diannel 

twenty-five (25) radio frequency channels, each of which assignments that may be made so that one specific mobile 

has a bandwidth of 200 Khz. Each PCS-1900 200 kHz radio frequency and two backhaul frequencies are assigned to 

channel carries up to eight (8) time multiplexed voice ^^^^ which is the same number as the eventual cell 

conversations. The channels are indexed in a fashion which ^^"^ particular arrangement of the channels, into 

allocates a letter indicating one of the three sub-bands, either groups which are spaced eight channels apart provides 

A, B, C, and then a channel number, 0 through 24. maximum offset to case design restrictions in the translator 

By dividing the avaHable frequencies in this manner, it is ^' ^^^^^ ^ discussed in detail in FIG. 7 permits 

possible to obtain four sub-sets of six channels within each ^P^^^^ compatibihty with the twelve cell recon- 

of the sub-bands (although channel number 24 is not used). ^ figuration shown m FIG. 3 

Each of the sub-sets is considered to comprise the chamiels ^^^^^^ understood that the dlustration of FIG. 4 

that are spaced four channels apart within the sub-band from represents only one of two possible cases, that is, the 

which it is drawn. There is thus a total of 12 sub-sets, each ^Hocation of even-indexed channels across the available 15 

having six channels as foUows: MHz. A similar allocation as depicted in FIG. 5 can thus be 

An=rA0 A4 A8 A12 A16 A20) made for all odd numbered channels by increasing the 

A =rAl' as' A9' AI3' AI7' A21^ '""^^"^^ channels in FIG. 4 by one. 

A ^A^' A^' Ain Aid Ai» Aii^ ^ previously mentioned, the specific assignment of 

A2KA2, A6, AlO, A14, A18, A22) mobile and backhaul frequencies in the above fashion pro- 

A3=(A3, A7, All, A15, A19, A23) vides compatible frequency sets which may be re-combined 

Bo=(B0, B4, B8, B12, B16, B20) 50 in such a way as to provide assignments to a twelve cell 

€30(0, C7, Cll, C15, CI 9, C23). reuse paltem or six-cell dual base station pattern, and higher 

Note that there are also eleven even-numbered channels reuse factors. 

AO, A2, . . . , A22 and eleven odd- numbered channels Al, l\iming attention to FIG. 6A, the initial case occurs when 

A3, . , . , A23 available in any given 5 MHz bandwidth. twelve cells are to be supported by a single broadband 

The allocation of these twelve sub-sets to cells in the 55 transceiver system and twelve translators 12 The set of RF 

desired eventual N=12 pattern is also shown in FIG. 3. This carriers used can either be the set of all even RF carriers or 

basic plan is not a standard twelve cell configuration but is the set of all odd RF carriers. 

designed so that migration of individual cells to higher reuse However, when some of the cells in the twelve cell pattern 

densities may have minimal impact on the already estab- require an increase in some subscriber demand service such 

listed frequency plan in adjacent cells. For more informa- 60 that two radio frequency carriers are required in each cell, a 

tion on this frequency numbering scheme, please make reconfiguration takes place. In this reconfiguration two 

reference to a co-pending U.S. patent application by John R. translators 12 are deployed in each cell with the same 

Doner entitled "Frequency Plan For Wireless Communica- frequency set as in use as before. At this stage, if an 

tion System That Accommodates Demand Growth To High individual cell exceeds the level of demand satisfied by two 

Efficiency Reuse Factors", Ser No. 08/749,600, filed on 65 carriers then the two translators 12 serving the cell are 

Sep. 13, 1996, (AirNct Communications Corp. File No. replaced by a Broadband Transceiver System (BTS) servic- 

P-0090). ing each cell in the conventional fashion. 
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At the point where it becomes appropriate at which two automatic level control 90 is in turn forwarded to a receiver 

translators per ccU are deployed the cell frequency aUoca- bandpass filter 91 and IF stage consisting of a synthesizer 

tions are grouped in the sub-sets of six cells with all six cells 93, mixer 92, and IF bandpass filter 94, chosen to provide an 

in a sub-set being either the even or odd frequency sub-set IF signal having a center firequency in the range of approxi- 

as shown in FIG. 6B. • 5 niately 100 MHz at 200 Khz bandwidth. A final IF stage 

It should also be understood that a BTS can itself not only amplifier 95 in turn feeds a RF mixer 96 and synthesizer 97 

serve as a concentrator but as a cell translator and therefore which in turn up-converts the signal back to the transmit 

the deployment of the 12 cell pattern in FIG. 6A would ^^^^^ 1^^^ ^^'^5-1990 MHz. The output of the 

require typically one BTS and eleven translators with the ^5°^°^^ h^ndpiiss filter 98 is m turn fed to the Preamplifier 

BTS deployed in one of the center cells. lo .^f^?^^ ^l-^^'^'lu'i ^^ 
T-tr^ ^' j^-iJLiij- c *r directional coupler 102 and transmit portion of the duplexer 
HG 7 IS a detailed block diagram of components of an ^^^3 ^ti„,ately\)ut to the antenna ll-l-B. A detector 101 
exemplary translator 12 m translator 12 shifts th^ '^^^ ^1^^ ^ 
frequency of the signals received firom one hr^ to the amplifier back to the automatic level control circuit 90. 
appropnate transmit firequency for the other hnk. The illus- Typically, class A linear ampUfiers are used throughout 
trated translator 12 also acts as a type of spatial to frequency 15 the translator 12 in both the forward and reverse paths and 
diversity converter for the uplink direction as has already the translator 12 is typically implemented with switch pro- 
been mentioned. In particular, because in the channel assign- grammable synthesizers so that the channel settings 
ment plan of FIGS. 4 and 5, no signal uses a radio frequency deployed may be easily selected in installation or when the 
which is in use in the same cell for more than one type of system needs to be reconfigured. 

Unk, the translator 12 may thus take advantage of spatial 20 The translator 12 is capable of receiving signals at rela- 
diversity reception on the backhaul link and use frequency tively low levels and then retransmitting them at relatively 
diversity to maintain the information over the backhaul link. high power levels over the mobile link with the automatic 
This is unlike prior art systems that use repeaters that do not level control circuit typically designed to control the trans- 
preserve diversity information. mitted forward path signal at a maximum of 10 watts. 

The translator 12 consists of translated signals received 25 ^^i the reverse path, that is from the mobile to the backhaul 

from the mobile link by the pair of diversity antennas U-i-fl, translator 12 is designed to receive a signal from its 

l\- '\-b. A separate receive filter 68 and the receive portion of omni-directional antennas ll-i-a, 11-i-fc and to retransmit to 

a duplexer 103 provide a portion of the receive signal to a the base transceiver system 15 with up to approximately 125 

pair of intermediate frequency (IF) signal processing chains ^B of signal gain with power of as high as 1 watt over the 

consisting of a pair of low noise amphfiers(LNA)70A,70B, 30 directional antenna 13-1. 

manual level adjustment amphfier 71A, 71B, automatic As a result, two reverse mobile transmit diversity chan- 
level control amplifier 72A, 72B, receiver band-pass filter ^^e continuously transmitted back to the base trans- 
73A, 73B that limits the received energy to the desired 15 ceiver system on different frequencies. This allows for 
MHz band such as the PCS 1900 band allocated from 1895 coherent diversity summation to take place, after digital 
to 1910 MHz. The mixers 74A, 74B which are driven by a 35 demodulation within the home base station. This is much 
first synthesizer 75A, and intermediate frequency amphfiers more effective and accurate than simple RF switching or 
76A, 76B, IF mixers 77A, 77B, and IF band pass filters 78A, detection at the site of the translators. The net effect is that 
78B comprise an IF stage. The IF mixers 77A, 77B are even with a deployment of these "range extending" trans- 
driven by the synthesizer 75B. The IF center frequency is lators 12, the received signal performance expected is as 
typically chosen to be approximately 100 MHz, with a 200 40 effective as deploying a standard base transceiver system in 
Khz channel bandwidth associated with the IF bandpass each of the home base station sites against multi-path fading 
filters. The RF stage amplifier 79A and mixers 80A and SOB and noise. 

together with synthesizers 75C and 75D) provide up con- It is now understood how a wireless communication 
version of the frequency output in the desired transmit band system may be configured to permit deploying high efl&- 
of 1895-1910 MHz. Transmit bandpass filters 81A and 81B 45 ciency broadband transceiver system equipment by using 
hmit transmitted energy to the desired range and summation in-band translators laid out in a conventional system foot- 
circuit 82 preamplifier 83 and power amplifier 84 provide pnnt. The advantages of the invention may be used to 
the output signal. provide to an effective system coverage area without the 

A detector 85 provides a portion of the radio firequency need for building out more high capacity broadband base 

energy and a signal provided by the power amphfier which 50 transceiver systems than is absolutely necessary, 

is in turn fed back lo the ALC ampUfiers 72A and 72B. Furthermore, there is no difficulty with implementing direc- 

Directional coupler 86 provides radio frequency energy to tional or diversity antennas so that multi path distortion 

the output duplexer 87. effects and other problems may be adequately addressed. 

So, in the case where the first even frequency sub-set is Backhaul costs also are minimized by taking advantage of 

assigned to translator 12-i, namely the frequency sub-set ss the frequency allocations already made to the service pro- 

(AO, A8, A16), where the backhaul Hnk in the up link vider. 

direction is to use frequencies A8, A16, the synthesizers 75 What is claimed is: 

are tuned to the appropriate frequencies to provide the first !• A method for assigning in-band radio frequency chan- 

and second signal paths respectively at the desired carrier nek to a plurality of translating repeaters, home base stations 

frequencies of A8 and A16. eo mobile stations in a cluster of cells forming a wireless 

In the backhaul to mobile direction, the signal is first cellular communication system, comprising the steps of: 

received on the omni-directional antenna 13-1 from the selecting three uplink sub-bands within an uplink band of 

home base station and forwarded to the duplexer 87. In this frequencies for communications originating from said 

direction area only a single signal chain is needed. The RF mobile stations; 

signal output provided by the duplexer 87 is passed to a first 65 selecting twenty-four alternately odd and even uphnk 

low noise amplifier 88, manual adjustment amphfier 89 and channels for said translatiDg repeaters within each said 

to an automatic level control circuit 90. The output of the subband; and 
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selecting a set of mobile uplink channels for a set of 12. A wireless cellular communicatioD system utilizing a 

mobile communication links between said mobile sta- plurality of channels, comprising: 

lions and said translating repeaters to include four of a translating repeater for receiving and transmitting on 

said upUnk channels from each said subband, three uplink sub-bands within an uplink band of fre- 

2. The method according to claim 1 further comprising the 5 quencies assigned for communications originating 

step of selecting all four of said mobile uplink channels to ^^"^ ^ P^^^^^^y "^f^^ ^^^^ translaUng 

repeater configurable for operatmg on twenty-four 

, J. . , . .... alternately odd and even uplink channels within said 

3. The method accordmg to claim 2 further compnsing the subband; and 

step of selecting said mobile uplink channels to be a lowest i- i u , j * j . , 

^ ^ „ 1- 1 . , . , 10 a mobile upunk channel assigned to said translating 

frequency set of four even uphnk channels m a bwest ^ providing a communicaUon link between a 

frequency one of said subbands, the second from lowest ^^^.^^ ^^^^^^ translating repeater selected 

frequency set of four even uplmk channels m a next higher ^^^^^ consisting of a lowest frequency set of 

frequency one of said subbands, and the third from lowest fo^^ even uplink channels in a lowest frequency one of 

frequency set of four even uplink channels in a highest said subbands, the second from lowest frequency set of 

frequency one of said subbands. fo^jr even uplink channels in a next higher frequency 

4. The method according to claim 3 further comprising the ^^id subbands, and the third from lowest fre- 
step of selecting a set of backhaul uplink channels for a set quency set of four even uplink channels in a highest 
of backhaul communication Unks between said translating frequency one of said subbands. 

repeaters and said home base stations to be each respectively ^ ly jhe system according to claim 12 further comprising 

spaced eight uplink channels from a corresponding mobile ^ backhaul uplink channel assigned to said translating 

channel. repeater for a backhaul communication link between said 

5. The method according to claim 4 further comprising the translating repeater and said home base staUon, said back- 
step of selecting a second set of backhaul uplink channels for j^^ul repeater spaced eight uplink channels from the mobile 
a second set of backhaul communication links between said ^ ^^i^ channel assigned to said translating repealer, 
translating repeaters and said home base stations to be each 14 system according to claim 13 wherein said 
respectively spaced sixteen uplink channels from a corre- translating repeater is assigned a second backhaul upUnk 
spending mobile channel. channel for a second backhaul communicaUon link between 

6. Hie method according to claim 1 further comprising the g^id translating repeater and said home base station, said 
step of selecting all four of said mobile uplink channels to 3^ second backhaul channel spaced sixteen uplink channels 

from said mobile channel assigned to said translating 

7. The method according to claim 6 further comprising the repeater. 

step of selecting said mobile uplink channels to be a lowest 15 system according to claim 12 wherein said mobile 

frequency set of four odd uplink channels in a lowest uplink channel for said mobile communication link between 

frequency one of said subbands, the second from lowest 3^ said mobile stations and said translating repeaters is selected 

frequency set of four odd uplink channels in a next higher instead from the group consisting of a lowest frequency set 

frequency one of said subbands, and the thurd from lowest fo^^ odd uplink channels in a lowest frequency one of said 

frequency set of four odd uplink channels in a highest subbands, the second from lowest frequency set of four odd 

frequency one of said subbands. ^^^^ channels in a next higher frequency one of said 

8. The method according to claim 7 further compnsiQg the ^ subbands, and the third from lowest frequency set of four 
step of selecting a set of backhaul uplink channels for a set ^^^^ channels in a highest frequency one of said 
of backhatd communication links between said translating subbands 

repeaters and said home base stations to be each respectively j^e system according to claim 15 further comprising 

spaced eight uplink channels from a corresponding mobile ^ backhaul uplink channel assigned to said translating 

chaimel. repeater for a backhaul communication link between said 

9. -nie method according to clam 8 further compnang the ,ranskting repealer and said home base station, said back- 
step of selecting a second set of backhaul uphnk channels for haul repeater spaced eight uplink channels from the mobile 
a second set of backhaul communication links between said j;^ ^^^^^^^ as^gaed to said translating repeater 
translaUng repeaters and said home base stations to be each 17 jhe system according to daim 16 wherein said 
respectively spaced sixteen uphnk channels from a corre- translating repeater is assigned a second backhaul upUnk 
spondmg mobile channel ,. . .. channel for a second backhaul communication link between 

10. The method according to claun 8 further compnsing translating repeater and said home base station, said 
e steps or. second backhaul channel spaced sixteen uplink channels 
defining four subsets of said uplink channels within each from said mobile channel assigned to said translating 

said subband, and assigning each said subset six uphnk 55 repeater. 

channels that are spaced four uplink channels apart 18. The system according to claim 12 wherein said uplink 
within said sub-band; and channels in each subband are each divided into four subsets 
replacing at least one of said translating repeaters with a comprised of six uplink channels spaced four uplink chan- 
base station, and assigning to said base station one of nels apart within said sub-band and said mobile and back- 
said subsets of said uplink channels, said subset of 60 haul channels assigned to said translating repeater are all 
channels including said mobile and backhaul upUnk within a single subset; 

channels which had been assigned to said translating whereby a base station for replacing said translating 

repeater being replaced. repeater can be assigned said subset of channels includ- 

11. The method according to claim 1 wherein each of said ing said mobile and backhaul uphnk channels which 
uplink channels has a corresponding downlink channel 65 had been assigned to said translating repeater without 
having a predetermined frequency ofket from said uplink modifying frequency channels assigned to any other of 
channel. said translating repeaters. 
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19. The system according to daim 12 wherein each of said 
uplink channels has a corresponding downlink channel 
having a predetermined frequeocy ofiket from said uplink 
charmel. 

20. A wireless cellular communication system utilizing a 5 
plurality of channels, comprising: 

a translating repeater for receiving and transmitting on a 
plurality of uplink sub-bands within an uplink band of 
frequencies assigned for communications originating 
from a plurality of mobile stations, said translating 
repeater configurable for operating on a defined set of 
alternately odd and even uplink channels within said 
subband; and 

a mobile uplink channel assigned to said translating 
repeater for providing a communication link between a 
mobile station and said translating repeater selected 
from the group consisting of a lowest frequency set of 
even uplink channels in a lowest frequency one of said 
subbands, the second from lowest frequency set of even 
uplink channels in a next higher frequency one of said ^ 
subbands, and the third from lowest frequency set of 
even uplink channels in a highest frequency one of said 
subbands. 

21. A method for assigning in-band radio frequency 
channels to a plurality of translating repeaters, home base ^ 
stations and mobile stations in a cluster of cells forming a 
wireless cellular communication system, comprising the 
steps of: 

selecting a plurality of uplink sub-bands within an uplink 
band of frequencies for communications originating 
from said mobile stations; 
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selecting a set of uplink chaimels for said translating 
repeaters within each said subband; 

selecting a set of mobile uplink channels for a set of 
mobile communication links between said mobile sta- 
tions and said translating rq)eaters to include a plurality 
of said uplink channels from each said subband; 

selecting a set of backhaul uphnk channels for a set of 
backhaul coomaunication links between said translating 
repeaters and said home base stations to be each 
respectively spaced a pre-defined integer number of 
uplink channels from a corresponding mobile channel; 

defining a plurality of subsets of said uplink channels 
within each said subband, and assigning each said 
subset a predetermined integer number of uplink chan- 
nels that are spaced a pre-defined integer nimiber of 
uplink channels apart within said up-link sub-band; and 

wherein said up-link sub-bands, said plurality of subsets 
of said uplink channels, and said uplink and backhaul 
channels are all selected such that upon replacing one 
of said translating repeaters with a base station, said 
subset of uplink channels comprising said backhaul and 
mobile channels which had been assigned to said 
translating repeater can be assigned to said base station 
as uplink channels without causing interference with 
adjacent cells. 

***** 
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